of the new-born. The appearance of numerous immature red cells in the peripheral blood has been called erythroblastemia. Thus erythroblastosis fretalis comprises three differing clinical syndromes, which may overlap, and the same mother may beget successive children presenting in turn these different manifestations [4, 51. Hcematology.-Two features are apparent in the blood; first a severe haemolysis, and secondly evidence of considerable regenerative activity which is shown by an outpouring into the circulation of the newly produced immature red cells, megaloblasts, normoblasts and reticulocytes, together with a smaller number of immature white cells (embryonic blood-picture [6] ). In the infant this blood-picture is indicative of a severe hoemolysis with intense regenerative activity of the bloodforming organs. In infants that do not die this response results, after the cessation of the haemolysis, in a return of the blood to normal.
Pathology.-Pathological examination in cases of infants that have died at various stages reveals, at the height of the jaundice and when antmia is most severe, foci of blood-forming tissue, principally erythropoietic but partly myelopoietic, in most organs, particularly the liver. These foci bear striking resemblance to the blood-forming JAN.-OBST. 1 areas to be found in a foetus of about twenty-four weeks [7] , and suggest that the organism is combating the hwemolytic process by reverting to embryonic blood formation, the function of its marrow being insufficient to produce the number of extra cells required. As the anumia recovers, these foci diminish in size and then disappear.
Besides this extramedullary blood formation, certain other pathological changes are found. In the liver, at the height of the disease, toxic changes and even necrosis of cells may be seen, and there is a deposition of bile-pigment and iron. In a proportion. of cases we have noted the appearance of early fibrosis [7] , but only in infants dying after an interval of a few weeks. How far this change may lead eventually to cirrhosis is still under investigation. In the spleen also, after disappearance of erythropoiesis, some fibrosis has been observed. As shown by Schmorl [81, staining of the basal nuclei occurs in a small number of cases. To this pathological condition Orth [9] applied the term kernikterus. It appears that the cerebral staining, which also affects nuclei in the medulla, is responsible for certain of the deaths occurring within the first five days, and is a cause of residual extrapyramidal symptoms at a later age-period (spasticity, athetosis, mental defect). If our description of connective tissue changes in the liver can be confirmed, then our correlation of hepatic and extrapyramidal cerebral lesions in erythroblastosis foetalis will help to elucidate the analogy already noted by Wilson [10] between-progressive lenticular degeneration and kernikterus. The significance of erythroblastosis in the etiology of certain cases of idiopathic infantile cirrhosis and of splenic anmmia also requires consideration.
Clinicalfeatures of icterus gravis.-Clifford and Hertig [11] reported an incidence of one in 340 births, and Hampson [12] estimated from the returns for England and Wales during a seven-year period that 1,800 infants died of neonatal jaundice, which he believed probably to be icterus gravis. The condition is often familial, but by no means always so. Rolleston [13] believed that the toxwemias of pregnancy played a part, and published cases in support of this. An extensive survey of the literature shows that, with some notable exceptions, pregnancy is normal, though hydramnios may occur. The incidence of obstetrical difficulties bears no relation to its occurrence. The placenta may be enlarged to about double its normal bulk [ll], the liquor amnii may be yellow and the vernix caseosa golden in colour [14, li] .
Jaundice may be present at birth or it may appear during the first forty-eight hours and sometimes later. Often the colour is first noticed in the face, spreading later to the trunk and limbs. In character it is mainly htemolytic, with urobilinuria and a positive indirect van den Bergh in the serum. From plugging of the smaller bile-ducts with viscid bile, and from destruction of the liver cells, a biphasic or even a strong direct reaction may be obtained. The depth of the jaundice may wax and wane in response to periods of increased blood destruction. The icterus may have disappeared in two or tlhree weeks or may persist for two months or more.
In addition to the jaundice the following symptoms may occur: As a result of the hmmolysis a hyperchromic anamia is invariably found and is, therefore, necessary for the diagnosis. After the anemia, drowsiness is the next most constant symptom. In many of the cases a hezmorrhagic tendency is manifest and purpura, umbilical bleeding, melena, hbmatemesis and intracranial baemorrhage may result. The liver and, particularly, the spleen are probably always enlarged. Fever, though not usual, may be present. Nervous manifestations are greatly to be feared, for from repeated convulsions and medullary failure they may lead to early death, or mental deficiency may result.
Diagnosis.-The diagnosis of icterus gravis neonatorum cannot be made at a glance, though on occasion the history may suggest it. The presence of goldenyellow vernix caseosa should always arouse suspicion. One common conditionsimple physiological jaundice and several uncommon ones have to be differentiated, but the diagnosis can almost always be established, provided certain ordinary clinical and laboratory investigations are made. Thus the presence of splenomegaly and hepatomegaly should be established during the ordinary clinical examination, and the urine and stools must be examined for bile-pigments. A complete blood-count is an essential item of the investigation because anmmia is always present and erythroblastw,mia is the rule. Congenital syphilis requires to be excluded in every case, and this can be done by applying the Wassermann test to both the parents as well as to the infant. Radiography of the infant's bones may also be of value in establishing the diagnosis of congenital syphilis. Very occasionally acholuric jaundice begins in the neonatal period and to exclude this a fragility test may be required. The van den Bergh reaction is of academic, ratber than of practical, importance but a pure indirect reaction excludes congenital obliteration of the bileducts.
Simple physiological jaundice arises about the third day-later than icterus gravis-and is neither so severe nor so prolonged. The baby is not ill and not anaemic, and little or no erythroblastwmia occurs. In congenital obliteration of the bile-ducts the jaundice usually appears later and, once established, lasts until death. Moreover, the condition is always fatal and the stools are bile-free except for occasional traces of bilirubin excreted directly from the blood into the colon.
Erythroblastsrmia is not present and anaemia occurs at a later date. Neonatal sepsis with jaundice, congenital syphilis with jaundice, and acholuric jaundice can be excluded by the appropriate investigations. Certain neonatal states, such as melaena neonatorum and intracranial trauma, when associated with physiological icterus, may mimic icterus gravis more or less closely. The state of the blood and the presence of splenomegaly will usually serve as diagnostic guides.
Treatment.-In our experience, repeated transfusions of citrated whole-blood is the treatment of choice [4, 7, 15, 16, 17] , and is superior to any other advocated. The mode of action of the transfused blood is by substitution and we take as a guide the level of the red cell count. If there is an ansemia with substantially less than 4.000,000 red cells per c.mm. we advise small transfusions at short intervals until the erythrocyte level is maintained spontaneously above that level. Breast-fed infants should be kept on the breast, fluids should be administered freely to facilitate the excretion of the products of hsmolysis, and glucose [181 may be advised on account of its probable protective action on the liver cells. We gratefully acknowledge the assistance rendered by the Honorary Staff of the Hospital for Sick Children in permitting access to their clinical and pathological material, and to the Medical Research Council for helping to defray the expenses of our investigations.
